Behavioral, emotional, and social symptoms frequently co-occur in adolescent survivors of childhood cancer and are associated with treatment exposures and physical late effects. Assessment and consideration of symptom profiles are essential for directing appropriate mental health treatment for adolescent survivors.
In the general population, psychological symptoms frequently co-occur; however, profiles of symptom comorbidities have not been examined among adolescent survivors of childhood cancer.
Patients and Methods
Parents of 3,893 5-year survivors of childhood cancer who were treated between 1970 and 1999 and who were assessed in adolescence (age 12 to 17 years) completed the Behavior Problems Index. Age-and sex-standardized z scores were calculated for symptom domains by using the Childhood Cancer Survivor Study sibling cohort. Latent profile analysis identified profiles of comorbid symptoms, and multivariable multinomial logistic regression modeling examined associations between cancer treatment exposures and physical late effects and identified symptom profiles. Odds ratios (ORs) and 95% CIs for latent class membership were estimated and analyses were stratified by cranial radiation therapy (CRT; CRT or no CRT).
Results
Four symptoms profiles were identified: no significant symptoms (CRT, 63%; no CRT, 70%); elevated anxiety and/or depression, social withdrawal, and attention problems (internalizing; CRT, 31%; no CRT, 16%); elevated headstrong behavior and attention problems (externalizing; CRT, no observed; no CRT, 9%); and elevated internalizing and externalizing symptoms (global symptoms; CRT, 6%; no CRT, 5%). Treatment with $ 30 Gy CRT conferred greater risk of internalizing (OR, 1.7; 95% CI, 1.0 to 2.8) and global symptoms (OR, 3.2; 95% CI, 1.2 to 8.4 ). Among the no CRT group, corticosteroid treatment was associated with externalizing symptoms (OR, 1.9; 95% CI, 1.2 to 2.8) and $ 4.3 g/m 2 intravenous methotrexate exposure was associated with global symptoms (OR, 1.5; 95% CI, 0.9 to 2.4). Treatment late effects, including obesity, cancer-related pain, and sensory impairments, were significantly associated with increased risk of comorbid symptoms.
INTRODUCTION
Survivors of childhood cancer are at risk for disease and treatment-related physical late effects, which may increase vulnerability to emotional and behavioral problems, particularly during adolescence, a developmental period marked by transition and increasing expectations of independence. Past studies have reported risk of attention, learning, and social difficulties as well as anxiety and depression in adolescent survivors of childhood cancer. [1] [2] [3] [4] [5] [6] A recent systematic review indicated that 13% to 29% of adolescent survivors experience problems with psychological distress and emotional functioning. 6 CNS-directed therapies and physical scarring or disfigurement have been associated with increased risk of these symptoms. 2, 5, [7] [8] [9] To the best of our knowledge, no study has examined profiles or predictors of behavioral, social, and emotional symptom comorbidities in adolescent survivors of childhood cancer. In noncancer populations, mental health symptoms are highly comorbid, particularly during adolescence. 10 Identifying symptom profiles, especially for survivors at risk for comorbidities, has implications for screening guidelines as well as treatment and future complications. For example, even though treatment with stimulant medication is recommended for adolescents with primary attention problems, if attention problems co-occur with anxiety, alternate treatment approaches should be considered. 11 Furthermore, adolescents with combined attention problems and antisocial behaviors are at risk for substance abuse as adults, 12 and they may benefit from programs to prevent substance abuse.
In this context, the aims of this study were to identify profiles of comorbid behavioral, social and emotional symptoms; examine childhood cancer treatment exposures associated with profiles of comorbidities; and examine treatment-related physical late effects associated with symptom profiles.
PATIENTS AND METHODS

Childhood Cancer Survivor Study
The Childhood Cancer Survivor Study (CCSS) is a multiinstitutional study of . 5-year survivors of childhood cancer diagnosed before 21 years of age. 13, 14 Survivors were treated at one of 31 institutions between 1970 and 1999. Study participants completed a baseline questionnaire beginning in 1992 for survivors diagnosed between 1970 and 1986 and in 2008 for survivors diagnosed between 1987 and 1999. Information regarding primary cancer diagnosis and treatment was abstracted from medical records at each treating institution. Local institutional review boards approved study procedures, and parental informed consent was obtained for all participants younger than age 18 years. Because a larger proportion of the eligible population of childhood cancer survivors were acute leukemia survivors, for survivors diagnosed between 1987 and 1999, acute leukemia survivors were under-recruited to establish a more uniform distribution of all childhood cancer diagnoses for the entire cohort. Survivors in our sample were between 12 and 17 years of age at study baseline, and questionnaires were completed by a parent or guardian. Survivors with neurodevelopmental disorders that preceded cancer diagnosis were excluded (ie, Down syndrome, Klinefelter syndrome, Turner syndrome, fragile X syndrome, or spina bifida with neural tube defect).
Primary Outcome
The primary outcome was behavioral, social, and emotional symptoms as measured by the Behavior Problems Index (BPI). 15 The BPI is a subset of 28 questions derived from the Child Behavior Checklist 16 and provides scores for five symptom domains: depression/ anxiety, headstrong behavior, attention deficit, peer conflict/social withdrawal, and antisocial behavior. Adequate construct validity and internal consistency (a = .80 to .87) of BPI subscales have been documented. 5 
Treatment Exposures and Covariates
Treatment exposures included corticosteroids (none, dexamethasone, nondexamethasone), intravenous (IV) methotrexate (none, , 4.3 g/m 2 , $ 4.3 g/m 2 ), intrathecal (IT) methotrexate (none, , 230 mg/m 2 , $ 230 mg/m 2 ), cytarabine (yes/no), anthracyclines (none, , 300 mg/m 2 , $ 300 mg/m 2 ), or cranial radiation therapy (CRT; highest maximum dose to one of four brain regions [posterior fossa, temporal lobe, frontal lobe, parieto-occipital lobe]: none, , 30 Gy, $ 30 Gy). 17, 18 Physical late effects of childhood cancer included parent report of overweight or obesity defined as a body mass index . 25 kg/m 2 ; growth hormone deficiency defined as a report of growth hormone deficiency or use of injections of growth hormone; scarring or disfigurement of the head, neck, or face; scarring or disfigurement of an extremity or amputation of an arm, leg, or foot; sensory impairment defined as hearing impairment, speech deficits, or vision problems; cancer-related pain defined as moderate or severe pain; and the presence of migraines or severe headaches. Demographic covariates included age at time of survey completion, sex, race/ethnicity (white, black, Hispanic, other), and household income (, $60,000 v $ $60,000 per year).
Data Analysis
Descriptive statistics were calculated for all exposures, covariates, and outcomes. For BPI symptom domains, if fewer than 50% of items contributing to a domain were missing, values were imputed by using the mean of items on the same symptom scale. The z scores were calculated for each domain by using the CCSS sibling cohort as a normative population with z scores standardized to the sex and age (12 to 14 years and 15 to 17 years) of siblings. For each domain, the expected mean is zero, and higher scores indicate greater symptom presence or worse functioning. Because of expected differences in symptom frequency by treatment with CRT, all analyses were stratified by CRT exposure (ie, CRT or no CRT). Weights were incorporated into all analyses to account for probability of sampling because of undersampling of the survivors of acute lymphoblastic leukemia. Latent profile analysis (LPA) was used to identify unobserved classes of symptoms. Specifically, LPA uses measured variables (ie, symptom scores derived from the BPI) to identify groups of survivors that differ from one another, but the number and nature of the groups is unknown. Several statistical indices were calculated to assess model fit, including Bayesian information criterion (BIC) and the sample size-adjusted BIC (ABIC), Vuong-Lo-Mendell-Rubin likelihood ratio (VLMR) test and sample size-adjusted VLMR P values, entropy, and minimum class membership size. Models were fit with two to five classes. The optimal model was chosen on the basis of both model fit statistics and substantive meaning. Treatment exposures 19-26 associated with class membership were examined by using multivariable multinomial logistic regression. Odds ratios (ORs) and 95% CIs were calculated for each exposure and covariate in the final models. The same multivariable modeling approach was used to examine the associations between late effects 9,27-31 and class membership. For all multivariable models, exposures and outcomes were selected a priori on the basis of review of the literature and established associations between childhood cancer therapies and adverse neurobehavioral outcomes. Because our analyses involved multiple comparisons, we used the false discovery rate approach to account for false positives at P , .05 by using a false discovery rate threshold of 10%. 32
RESULTS
Among 24,369 participants in CCSS, 6,413 were adolescents at the time of the baseline survey (Fig 1) , 4,715 were eligible for our analysis, and 3,893 (83%) contributed data to our analysis. Characteristics of survivors with parent-reported behavioral data are listed in Table 1 .
Symptom Profiles
Model fit indices for two to five class solutions derived from latent profile analysis are provided in Appendix Tables A1 and A2 (online only). The proportion of survivors composing each latent class did not differ significantly by treatment era (Appendix Tables A3 and A4, online only). Four profiles of symptoms were identified for the no CRT group: (1) survivors without any increased symptoms (well adjusted; 69.6%); (2) survivors with greater symptoms of headstrong behavior and attention deficit (externalizing; 16.3%);
(3) survivors with greater symptoms of anxiety or depression, social withdrawal or peer conflict, and attention deficit (internalizing; 8.8%); and (4) survivors with increased symptoms across all domains (externalizing and internalizing symptoms [global symptoms]; 5.3%; Fig 2A) .
Among survivors treated with CRT, three profiles of symptoms were identified: (1) survivors without any increased symptom clusters (well adjusted; 62.9%); (2) survivors with increased symptoms of anxiety or depression, attention deficit, and social withdrawal or peer conflict (internalizing; 30.9%); and (3) survivors with increased symptoms across all domains (externalizing and internalizing symptoms [global symptoms]; 6.1%; Fig 2B) . An externalizing class was not observed for survivors treated with CRT.
Treatment Exposures
In multivariable models among those who had no CRT, a higher dose of IV methotrexate compared with a lower dose and nondexamethasone corticosteroid treatment compared with no corticosteroid treatment were associated with lower odds of internalizing symptoms compared with being well adjusted (highdose IV methotrexate: OR, 0.53; 95% CI, 0.35 to 0.82; nondexamethasone: OR, 0.51; 95% CI, 0.29 to 0.93; Table 2 ). Similarly, higher doses of IV methotrexate were associated with reduced odds of externalizing symptoms (OR, 0.5; 95% CI, 0.32 to 0.79). Nondexamethasone treatment compared with no corticosteroid treatment was associated with greater odds of externalizing symptoms (OR, 1.9; 95% CI, 1.2 to 2.8), whereas a higher dose of IV methotrexate compared with a lower dose was associated with greater odds of global symptoms than of being well adjusted (OR, 1.5; 95% CI, 0.9 to 2.4). Treatment with a lower dose of IT methotrexate was associated with reduced odds of externalizing symptoms (OR, 0.5; 95% CI, 0.28 to 0.78) and increased odds of internalizing symptoms (OR, 2.0; 95% CI, 1.0 to 3.9). In models that included terms for cancer diagnosis but not treatment exposures, survivors of neuroblastoma had greater odds of externalizing symptoms (OR, 1.4; 95% CI, 0.9 to 2.0), whereas survivors of CNS tumors had greater odds of internalizing symptoms (OR, 1.6; 95% CI, 1.0 to 2.7; Appendix Table A5 , online only).
In multivariable models among those treated with CRT, treatment with $ 30 Gy CRT compared with treatment with , 30 Gy was associated with greater odds of global symptoms (OR, 3.2; 95% CI, 1.2 to 8.4) and internalizing symptoms (OR, 1.7; 95% CI, 1.0 to 2.8) compared with being well adjusted (Table 3 ). In addition, survivors treated with $ 300 mg/m 2 anthracyclines compared with survivors who were not treated with anthracyclines were more likely to have internalizing symptoms (OR, 1.9; 95% CI, 1.2 to 3.0). In models that included terms for cancer diagnosis but not treatment exposures, diagnosis of a CNS tumor was associated with greater odds of global symptoms (OR, 2.6; 95% CI, 1.0 to 6.6) and internalizing symptoms (OR, 1.9; 95% CI, 1.2 to 3.0; Appendix Table A6 , online only).
Physical Late Effects
Survivors treated without CRT who were overweight or obese compared with survivors of normal weight had greater odds of internalizing (OR, 2.0; 95% CI, 1.5 to 2.9) and global symptoms (OR, 1.8; 95% CI, 1.1 to 2.8) compared with being well adjusted. Survivors who had a sensory impairment compared with those who did not were 2.5 times more likely to have internalizing symptoms than to be well adjusted (OR, 2.5; 95% CI, 1.7 to 3.6). Scarring or disfigurement to the chest or abdomen compared with no scarring or disfigurement in this region was associated with increased odds of externalizing symptoms (OR, 1.3; 95% CI, 1.0 to 1.6). Both cancer-related pain and migraines or severe headaches compared with no pain were associated with increased internalizing and externalizing symptoms (Table 4) .
Similar to survivors in the no CRT group, survivors treated with CRT who were overweight or obese compared with those of normal weight had greater odds of internalizing (OR, 1.7; 95% CI, 1.2 to 2.3) and global symptoms (OR, 2.0; 95% CI, 0.9 to 4.1; Table 5 ). Survivors with a sensory impairment (OR, 2.2; 95% CI, 1.0 to 4.6) or pain compared with survivors without such conditions were twice as likely to have global symptoms (cancer-related pain: OR, 2.7; 95% CI, 1.3 to 5.8; migraines or severe headaches: OR, 2.3; 95% CI, 1.2 to 4.6). Cancer-related pain compared with no pain was also associated with increased odds of internalizing symptoms compared with being well adjusted (OR, 1.9; 95% CI, 1.2 to 2.9).
DISCUSSION
Adolescence is a critical period for emotional, social, and behavioral development and is associated with an increase in psychological symptoms in the general population 33 ; however, few studies have examined profiles of mental health symptoms among adolescent survivors of childhood cancer. 6 In our sample of adolescent survivors, we identified distinct profiles and a high prevalence of comorbid psychological symptoms. These findings have implications for routine screening of mental health morbidities as well as management of treatment of symptoms in adolescent survivors of childhood cancer.
Consistent with past reports, our results suggest that the majority of survivors do not have increased psychological symptoms. 5 This suggests largely positive emotional development in adolescent survivors of childhood cancer, at least from the perspective of their parents. Among the CRT group, 31% of survivors had a profile characterized by increased symptoms of anxiety or depression, attention problems, and social withdrawal or peer conflict (ie, internalizing symptoms); 16% of survivors who were not treated with CRT had these symptoms. However, among those in the no CRT group, approximately 9% had increased comorbid symptoms of headstrong behavior and attention problems (ie, externalizing symptoms), a profile that was not observed among the CRT group. The absence of an externalizing profile among survivors treated with CRT is consistent with past reports. Although executive dysfunction is commonly observed in this population, many of the behavioral symptoms include inattention, slowed cognitive processing, and lack of initiation rather than hyperactivity or impulsivity. [34] [35] [36] [37] [38] Importantly, attention problems, which co-occurred with both internalizing and externalizing symptoms, are relatively nonspecific (eg, present in a number of psychological disorders) and may reflect underlying emotional problems such as anxiety or depression (eg, difficulty concentrating) or behavioral dysregulation (eg, restlessness). 39 Clinically, treatment approaches vary on the basis of the presence of internalizing or externalizing symptoms. Efficacious treatment of internalizing symptoms include psychotherapy (eg, cognitive behavior therapy, behavioral activation) and/or pharmacotherapy with antidepressants. [40] [41] [42] Conversely, psychotherapies for externalizing problems in adolescence often include parent training, family therapy, and problem-solving training. 43 Although pharmacologic approaches for the management of oppositional behaviors are typically less efficacious, psychostimulants are effective for treating symptoms of inattention and hyperactivity. 44 We did not observe a symptom profile that was restricted to a single symptom. This is consistent with data from the general population that comorbidity is the rule rather than the exception regarding adolescent psychopathology. 45 Although comorbid symptoms were observed in . 30% of survivors, only a small proportion of survivors had increased internalizing and externalizing symptoms (ie, global symptoms). This is also consistent with the general population in which comorbidity tends to occur within rather than across internalizing and externalizing symptom domains. Unfortunately, children and adolescents with comorbid symptoms are less likely to achieve an acute treatment response or symptom remission or to maintain treatment gains. 45, 46 In addition, adolescents with comorbid symptoms often require more intensive multimodal approaches to treatment (eg, combined psychotherapy and pharmacotherapy). 47 Among survivors treated with CRT, treatment with $ 30 Gy CRT was associated with increased odds of internalizing and global symptoms. Models restricted to diagnosis indicated that risk for internalizing and global symptoms among those treated with CRT was largely driven by CNS tumor diagnosis. Among the no CRT group, survivors treated with nondexamethasone corticosteroids were twice as likely to have externalizing symptoms and 50% less likely to have internalizing symptoms as those who did not receive corticosteroids. Similar risk was not observed among survivors treated with dexamethasone. However, because cumulative dose is not captured for these oral medications, direct comparisons are difficult to interpret. Higher dose of dexamethasone has been associated with greater behavioral problems on therapy, 48 although recent studies suggest similar effects with prednisone. 49 Treatment with IT methotrexate was associated with reduced likelihood of externalizing problems, and treatment with high-dose IV methotrexate was associated with reduced risk of internalizing symptoms. It is unlikely that methotrexate is protective; rather, we speculate confounding on the basis of primary cancer diagnosis such that survivors who did not receive methotrexate had increased likelihood of such symptoms. Specifically, survivors of neuroblastoma, for whom methotrexate is not a front-line therapy, were 40% more likely to have externalizing symptoms, and survivors of CNS tumors who did not receive methotrexate were 1.6 times more likely to have internalizing symptoms.
Late effects of childhood cancer therapies were associated with observed symptom profiles and often conferred a greater risk than therapeutic exposures. Survivors who were overweight or obese were nearly twice as likely to have comorbid internalizing and global symptoms. This is consistent with data from noncancer populations, indicating that attention deficits, conduct disorder, and depressive symptoms are more common in obese than nonobese children. 30 The potential psychosocial consequences of obesity are particularly concerning in our population, given the high prevalence of obesity among certain childhood cancer survivors. 31 Survivors with pain were more likely to have comorbid internalizing and externalizing symptoms. The contribution of pain to cognitive and behavioral dysregulation is well established as are the adverse side effects of medications used to manage pain symptoms. Because survivors are more likely to report pain and use of prescription analgesics compared with siblings, 29, 50 interventions targeting pain symptoms may be beneficial. Finally, sensory impairment was associated with increased odds of internalizing and global symptoms. Notably, children and adolescents with hearing loss and speech deficits are at risk for social isolation. 28 Survivors treated with platinum-based therapies and/or CRT are at risk for serious hearing loss, which has been associated with educational and social attainment difficulties in long-term survivors. 27 Our results suggest that such late effects may have serious behavioral and emotional consequences for survivors as well.
Our results should be considered in the context of several limitations. Behavioral outcomes were based on parent report. Past studies indicate that adolescent self-report of symptoms is often discrepant from parent report, particularly for internalizing symptoms. 51 We found evidence of developmental differences in symptoms between survivors in early versus later adolescence. Specifically, younger adolescents were more likely to have increased internalizing and global symptoms compared with older adolescents. It is unclear whether the observed difference reflects heightened risk of symptoms in younger adolescents or parental sensitivity to typical developmental changes as adolescents first begin to assert their independence in early adolescence. Our crosssectional design precludes assessment of temporal associations between exposures and outcomes; however, treatment exposures temporally preceded the report of symptom profiles. We do not have information regarding length of treatment, which may be associated with the development of behavioral symptoms. Use of a sibling comparison group as a normative sample is a potential limitation because symptoms of siblings may not be normal as a result of exposure to a family member with childhood cancer. Finally, although the CCSS expansion cohort includes survivors diagnosed through 1999, our results may not be generalizable to survivors treated more recently.
Although most adolescent survivors of childhood cancer do not have clinically significant behavioral, social, and emotional symptoms, we identified subgroups at risk of comorbid symptoms. Recent attention has been paid to screening for psychological distress symptoms among childhood cancer survivors, 52 and the Children's Oncology Group Long-Term Follow-Up Guidelines recommend yearly evaluations for depression, anxiety, posttraumatic stress, and suicide ideation (ie, internalizing symptoms). 53 However, screening for these symptoms alone may be insufficient, because many survivors have comorbid externalizing symptoms and social difficulties. Robust screening efforts during adolescence could help identify survivors for whom interventions may remediate psychological symptoms and potentially offset the persistence or worsening of symptoms into adulthood. Our results suggest that survivors of CNS disease and/or survivors treated with CNS-directed therapies as well as those who develop physical late effects, including obesity, pain, and sensory impairments, may benefit from targeted screening during this developmental period. Screening efforts should incorporate parent and survivor report of symptoms. Future research should examine the etiology and developmental course of comorbid symptoms during therapy, stability of profiles over time, and functional outcomes associated with symptom profiles. 
